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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a semiconductor 
memory device which can prevent address transmission 
delay during the normal operating condition (during the 
memory access time) without increase of chip area, and 
moreover can save the bits having bad retention 
characteristic to assure small power and good yield 
during the refresh mode. 

SOLUTION: An address comparing circuit compares, 
during the refresh mode, the address stored in the 
retention failure row memory elements 307a to 307c with 
an output signal of a refresh row address counter 305. 
When these are matched, a refresh row address 
converting circuit 312 and row address multiplexer 314 
refreshes the normal rows and retention failure rows in 
order to shorten the refresh period by increasing the 
number of times of selection of the retention failure rows. 
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TV^SD«>7 > KV'^TJ«^afn*P»>ft, WE 'J 7 I/* 
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-^©BtP^-mrt t-g y 7 1/ y *<&mt -rs^-r 

y^>^3>B#^^T©l/2«tt)g<, T«fc»>JSVvfe. 
;i/S^trP ^©y K *ffitt-r*!6 1 ©f3fit3N£fc, 
'Jr»3>WTCl/4 =fc$JI< N T©l/2«fc 

*>m^±jv^tsu \t]sz*mm-tzm 2 ©13ft 

y ^>^3>^AST© 1/ (2©n- 1*) , (ntt 
2W±©fflB0 J;t)S<, T©l/ (2Cn-2i) «fc 

5Mv^;i/£^t r n>j7©7'Ki^£83fiI^-.5!gn- 1CD 

y^>*>3>l$f?g#T©l/ (2©nJJ|) T 
©1/ (2©n-im) Z*)\i.m^)\,Tk^$sV^<D7 

y 7 U v i'aSnS D >>^^-r y 7 lx w ^a. D Y V 

Wmm 1 ©!3fl^!6{CH3fl;**iT^£ d r>^ Ki/7x©|*| 
«±ffil tf «y b^^< try bjnjg|J^AJ % H3l3^JS8#®fc 
«£ ^fig* fife 'J7V-y^D97Fl/ ^ ©P«3S±te 1 

if * -k»< tr v hm&ab.t$L^mats massm&A 

13 'J 7 l"r>aD77 K IsXT'MiRZtlZ D >> fcSKPl 

n#t y 7 1/ «r s^i-r zm i © y 7 u ? ->^mt, 

hu 83S 2 ©f Btt^lS ^ 83m $ nr 5 D ^ K 1/ 7x © ft 

«±tt 2 If «y h < tr >y h?ljgB^^ HU§3 IJ71/S» 

7TKU7xT'jllR$nSD^^ N gffsgi; 71/<r>aq-> 
7" K P ^ T«S^$ tl S D 7 1 ISSPI^C y 7 U * ^ i f 
5i2 0ij71/>yi/afgJ: > 
mfSB^ n - 1 ©83«^StgBl«**iT v^ * n«>7FW 
©WS±{iin- 1 try h^|^< tfy. MJSMM^ SufBy 
7l/vJ/i'D>>71»l/^0flftJ:ffin- 1 try h%V&< 

try hju*«>i:<jFuv>«^, Miasn- 1 ©aawt^sfc 

'J 7 1/ y >> a. D 7 7 K U Tx T-SJR^nS D 7 1 «IS ISJI^ . 
t y 7 y j. -T 2>%s n - 1 © y 7 U y ->i^g!i;, 
flufB^ n ©831t^|gfc IBIt^ilT V> 5 D 7 7 H ©ft 
«±ffin tr y h Zffi < if y hPimfrifi, hu8B y 7 1/ y -> 
in^7KU^rtI±{4nti/f^< If y h^Jg|5^ 
tmL^m-Bi, Ht83^n©83m^g!^383^t$tlT^^-5D 
^TKUTxTSiR^tlSD^^, Hu8371xy>>jLD^T 
K l/7,T-liR?ti5D ^kliff^C y 7 1/ -yi/an 

7 S -^©I^P^ T«-fti; 7 V7i'a^SJ: 
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C2©pilCDt771/'f H#l!|£ftTJ&£<fc7ife^ 

± x y >7 m^mmzmmwiX' 

ij7V»; £fts n ^ftTjvr >; y u y > a p 77 F i/ 

l/^frt^t'JTHl/^W (m-p) tryh©tryh 
^"JSB^T&s. SIiB£J«¥®fc J: D £f£$ftfc 'J7U>r>a 
D^7K^70^ V77\"1fo<D* : £VTYl'7*&m 10 
■T (m-p) try h©tTy F?ya5#£:^U<, Mo, fit 
l3U7l/y^a.P^7' Pl/^<Dfl» U"7*7W ft^vTp 
K9 F©7F^7©«±<4try FftKK (P-D K» 
F©tTy haMBA^euvlt^ a&IBiB«3Nl*fciettS 

.^iD^7?i/^ p •> k saH«?fc u ^ 

U t S 'J 7 1/ >y J/afgi: §»i C i: S 

[W^6] P773|p>K 7J^A7j|pj£gBa£ft. #p 

3 -^<DB#K T W. ft fc-K U 7 1/ y > J- * tfcg £ 20 

u 2 cDmit^ p)mx-±-CGiv >>© 7 y y a # 

^T-rS«t^&^^"5 y7§y^U*;i/^#P77JlR] 

p 7©7 Ku*ftfB«t-rs& i ©ibis^^ 

'J ^ > > 3 >fiHH#T / 4 i DK, T/ 2 X *) *gV>-fe 
;i/ft^trP >7©7 F l^ftlBfiTTSfg 2 ©ffitt^g!*:* 
U 7 V y > J- £ft £ P ftS^ 'J71/f , >aO.'>7KU 
*&£fi£-r3£fiE*©£> 30 
MB3SSU©f3»{££f3^£ftT^3P77Fl'7© 
ft, It 7*7 WW** 'J 7 Fl"**^** (m-p) try 

b © tr y h ^ja^-^s lWia^fiR^at: <t 5 ft fc u 

7Vr>aO->7PW©^ WWfl^t^K 
l/7ft?jvr (m-p) K» F©tTy F?UgB#i:^b<^ 

_aoittif3';7wy^:3-P77F^7©rt, ^7*7Wft 

wf-pK* hC7Kl'^©i±ffiK 1 J Ffti&< (p- 

i) try h©try F3aj^#^b^:t§-&cfcfc N buI3^i 

©IBft^^IBfit^tiTV^SP^TKU^^S^nS 
P7ft, gjf3U7l/y$'aP77Fl/*T-S^<*ft5P 40 

7 t mimmt u y is y ->it5i 1 © >; 7 u y a 35. 

huI3® 2 Of3»?atlBttSftTV^*ni>7 F 1^7© 
ft, 1t7"7W (^©^'^F^ft^f (m-p) tr 
y h© tr y bjySJ^x huI3 'J 7 y ^aP *7 F V7 
©F^ U-yTl/'f^/t^ F1^7ft^t" (m-p) 

tr y h © tr v f ym&t.*$ b < , sobubb >j 7 u y a 

P^7Flx7©F*3, ^/Tl/'fftwtpKf b©7l«W 

7©g±<atry hfti&< (p-2) try F©try hjuss 
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1-5tg2©U 7l^y^i^fgtftJI^LT&5;-:£ft ! r# 

*"-f S^^^I3it^©o 
[11^7] P77JrSk *7A^|pJ{3iaH^fts =&P 
7 & -&<Dftffl T JiAW C U 7 U y S' a ft i: 
U 2©m^-tf^7;i/g¥T*^:T©P7©U 71/»J/a# 

^x-r s £ a fc^-r ± 5. * 7 u -tr;i/^*sp 773 is 

t 2©p^©^77'H' £#IU2ftTJ&£^:*-5. y 
7 M*^f3tt^BT- o 

Ur>i'3>WT/2 < t!)I<, T«t^)®v^-b;l/ft 
$trn ->©T Kl/7ftl3m-rs^ 1 ©H3tt#mi:^ 
U^>i'3>^ra* s T/4«t f)S<, T/2 «fc»)$g^-tr 
;i/ft^tr p 7©^ b* 1^7 ftf3<5lt-£ig 2 ©I3^g!i:. 
U^>i>3>^A J T©l/ (2©n-l3H) «tD« 
<, T©l/(2©n-2^ nti21Ji±©Slg() £ »3 
mv^-fe;l/ft^tfP >7©T K l/7ftf3tirr3^n- 1 ©13 

U^>^3>Rf^*T©1/ (2©ni) <fc»3S<, T 
Cl/(2©n-lS) ib^V^-b^ft^tfP^OTH 

U 7 ft g3«-r -5 % n ©i3m#m i: s 

U 71/'V->a$tlliDH;^t l J 7 P^^aP^T Kl/ 

rt, y-yrujftcDfeVTYi/y.&m-r (m-p) br 

'j7Uvi'aD77b , V7©fl, 1^771/^ fiO^€'J 
7b*^^t (m-p) b!>y h©br^ h^JgB^a^b 
<, B.OHui3 , ;7l/y^aP^Th*U'7©F«3, t77V 

-f ft^-Tp try h©THi^7©s±{4try bfti&< (p 
-l) try b©try Ymttfth^Xs^M-gt. hu§3^i© 
mm^m^izmznx^zvtfrYi/?. -emm $ ft s p 

7ftx Hul3U71/yi'iP7TKl/7T-MlR^ftSP7 
fcSKHfift U 7 y i/anf 1 © 'J 7 U y ^>a^g! 

mmm 2 ©EUt^atiatt^ftTvi so^hux© 

F*U 1t7TH'l*!©^ ; eU7 , K^7ft^i- (m-p) tT 
y Y<D tr y b ?ijgi5^, tuBBD 7V , y , >an')7Kl/7 
©rt^ -tf7TU'f (^©^^UTKl/^ft^f (m-p) 
try h©try h^ijep^ii^^ < > fiOHul3';7^y^a 
P7Tblx7©F«3> ^77V 'f ft^t"P try h©T 
7©fi±&try hft[^< (p-2) try bOtTy bJiJgP 

P7Th*lx7T-MtR$ft^P7ft^ BtFf3';7lxy^aP 
K lx7T-S^^ft5P 7i:(i{S[alB$t 'J7Ur>a 
t5f2©'J71/-V>>i?a^ 
BUf3^n- 1 ©H3<t*{£CH3<ii;*ftTV^P -)7 F 1^7 
©rtv 1f7'71/>f rtO^-t'JT'Fl/^ft^t" (m-p) 
try F©tTy bPfflfri*. S5EU 7 V y ~>^p 97 F lx 
7©«, 1t7"7l/-f rt©^ ; eU7'Flx7ft^t- (m- 



P) try h©tTy hFI&fr£mL<, BsoffitfcV7l,y 
i/z-utTVUxe)^ -tJ-r/TW &m-fp try Y<DT 
Fi/*©«±ttK* h*Vfc< (p-2) try Kotrv h 
*IS&#i:3?b^»&, iuiS&n- l©IStit#g*fc§Bfj|2 

sugB^ n (Dtm^miz mm £ ftx^ -s d t k * © 
a rwo^^'j? yux^-t (m- P ) ^ 

y h©tfy h^Jgp^, HuIBU7py^j.DH7TKl/^ 10 
©P^ 1t771/^^©^'J7Kl/7^t (m-p) 

tr y h © tr y vn^hm b < > aoiuiB ^i/^a 

7©g±{£try ^£|&< (p-n) try b©tTy h^ugp 
#i:^boi§^ Hfif3^n©fB^^{ciBit^tiTV>^ 
D^THl^T-igiR^ft^o^^ HugB»J7l-y^j:D 
£ T K U 7 T- jgtfl £ ft {ilJfSJ^C ij7l/»^» 

1~-5^n© >J 7 1/ y > ^fgt d t 

[m&msi n^rsk ^vA^ffijtsae^n, §d 20 

£ ^©BSFtS T J^rt £ — S 1J 7 \y >y j. 

U 2©m^-i'^;i/T-^rT©D^©i;7l/y^j-As^ 

■J:r>^3>Bffig#T©l/2 J^JK, T«fcS*S^-fe 
-H/tf&^O^t^JftTV^Jii^ f©D^7Kl/7 
©«±fttTy h£SfebfcTKU7fc^1-£try 

" 1 " (* fcfcfc " 0 " ) £eBMe-r*5 Z £ ifiX' 5* -5 2 © 

H&fBtatt^ft©, mfiBM#® c ct »> >; 7 

U y S> a. D >7 T K X T* ^ £ ft £ \L y h JC |Bf£ $ ft T V a 

mmmfrtii ^mam^m ^mmm* " 1 " (*£& 

"0" ) ©i§-£\ MMV 71; visz-ViyT FlsX(Dgk± 
&1 try hfc£teb&n*3»Ki/*©n.e/£&B:PI5fc: 
•J 7 U y J/at5 U 7 U y 2/ fcHfiTrS d 

•> S -J£©B$R8 T JUlft fc -g U 7 U y 5/ a. £ 
U 2©m^1t-Y7;i'T-^:T©Dr>CDU7^yi/3.AS^ 

';5 i >^3>^AST©l/2 £ ttiS<, T=t!)*§V^ 
MfeiD^fc^ntv^*^, ^©D^OT'Kl/Tx 
©T&nfcfy h*»<, «±ffil^hSg6b&7K 
l^7xC*ffSt-Stry Mc "1" (Sfett «o- ) SIBtt 
£-y-££i:#T*§3 2© (m-n) JUtTy h<D®MZft 
^mUmmt. 50 
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U 7 U y i/a$ti5Di>^t l j71/y>>aOH ? 7h , U 

iiuf3iB<i3M6|*3©, SulB^JS^Sfc: <fc D £f££ftfc u 7 
l/vS/iD«>5>KU;*©±{fi[ (m-n) KybfSSh 

5 try hfctBtt*nTv^s««*R*Hi-r«s*aiu^a 

" 0 " ) ©^ N HygB ';71/yi>j.D>>T K l^©§± 
tetTy h^SifeLfcD^7'Kl/7x©n'i7^a(J(gjB#{c'; 

CIS^IO] u&lj^ *^A7j|p]t3EB^ft, # 
o ^ ^-^©l^p^ t Wrt t -jg »; 7 1/ y ^ a. ^ ^ 
2©m^-y--f 7;i/T-^:T©D>i7©';7^y£>jLis 

S^^fBM^gT- * o t, 
'J^>>>3>l^ra*ST©l/2<fcDS<, Ti!)fil^ 
;^A s ^feSD'7{C■^SftTV^5®-& > ^©□■^©T'Kl/7, 

fc*r«j-r * tr y h tc: « i » fe« « o - ) ^ibm^-b- 

! 2 ©minif y h©^»£J#OHBM3M§! 

'J 7 1/ «^a^5 D fr&jjvj- ij 7 V y ^D97 F U 

HuiBffltt^art©, ajta^fi^ac ct d ^^ftfe u 7 

1/ y S> a. D ^ T' K P 7v © g±{4 tr h b ^ K 1/ 

7T-^^ft^try htffittarnTv^sfiHusis^ai-rtt 

"0") ©^ N HufBU7L'y^iD^7'Kl/^©g± 
fil try Y^SMX^fztiyyTYVXCDVi^^m^m^^ 
U 7 1/ y *>.x-r5 U 7> y ^afgfc^Sibt^S^ 

[n^fli i] D^7jffii, *7A7jfqii;gag$ft, =& 

D^* J *5-^©I^HT^{C-SU7lxy^iS^S 
2©m^-i'7;i/T-^:T©D'i7©U 7l/y^>j.AJ 

^T-r s ct a *c<^-r ± \ y ^ ^kw- zw-^yj 

U5 1 >S/3>«FBB*JT©l/2 J:»)S< % TctDM^-fe 

©TffinhTy hft»< M; 
"1" (*fc{±"0") &fB1i:^-a-S3h^T-^S2© 
(m-n) flltTy F©«F«feSroiBttMfc, 
U7Py>>i$ftSD'>$^-r';7l/y>>a.D'>TKP 

B.jl3fBft^|g!rt©, itijHBifejEimgfc «t b ^fig^ftfc >; 7 
uy^j.o^TKU7s©g±ffitry h&stebfcTKi/ 

7©±tem-ntTy hT-^^ftStTy h^JKriBtt^ftT 

HtfSBfg^ai UfMa©SS*tfJ bi^SAJ « 1 » ($fctt 
"0" ) ©^-&, BugBU7l/y^a.Dr>^KU7N©«± 
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p <7#ft 5 -^CDi^F^ T Gift fc-S U7l'>r>a 
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+ x v 7 zmmmx- * o t , 
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£di:#T-:*5 2©m^t:<.y bOgl^^ofeilf g 
t> 
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L/ v > 3-D ■ST b'l/XSMt5M*Si:, 
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v\ huIB U7l/'r>a7F l/7©fi±<4tr * b # " 1 " 

"o" ) ©t§^, mmmm^m^mmznx^ 20 

SfiMR** "1 M "0" ) T-ftSP-M-ESoT u 

7 V y atSij7V v > 3- ^fk £ Ut&li^i: 

[it^i3] p77j[pk TJvA^ifiii-saa^^ & 

D #ft 5 -J£©B#IH T WW C-ffi > 

2 ©mSHIM ^;i/-e^T©D ^©^UfJ/ai 1 

+x*r& w^mttsBmrn-e ft ^ t , 

i;r»3>WTOl/(20nil) =fc$S^ T 

©THi^ic^fS-rst^ mc "o" ) 

&f3tt£^6d£#T*££2©mait:>y h©^»£^o 

^l/^i/iSWD 1 )^! (m+n) tryt-©'J7 

Hul3U7V^^J-0'>5'h*V^©±{Snt:\y h#ft£"F5 
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U^lx^^i^nsn^^^-r (m+n) K>^©V7 

BfifBU 7lxy^P£7'KU'7©g±{il e» h# 
"1" (*fctt "0" ) ©Jt§i§N tMaU71/yi'.xPi> 
7 Fl/7©Tt£mtr>.y bt^^nSOC'J 71/^i/a 
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1 J7V'y < >a$tv5D'?^t (m + n) tf^K©U7 
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CWt^>»#, H^f3l3«^®!ts3«$nTV^?.tS^^ 

"1" (*fc(i "0" ) -C-ft£P<7£RgoTy7P^> 
j-1-S'J7]x^i/a-^|S!i:^*(lLT>5;Sdi:^1tmi: 
■T S ^ + ^ ^ 7 M^*»S3^go 

[f*S16] — ^©RFiairtfc^^U-b^fflU^l/y 

T, 

ff7'^© 1 J71/<yi/a ; £- KtCS^bfcdfc^^ 

» 7*1*1 ©lai^te^ 5U7i/^>a€- h*}i^[a6&^ 

'J^>->3>^p^A5ftSB$F^i»Jt)®v ^ -fe ;i/*s#ffi-r £ 
•J 7 u >y is j. 7 K 1/ 7 £ f 3<t -T 5 Ett*® . 

i;7i/>r>a7Fi/7>^n £f&^m t > 

huIBU 71/v^- F^i§]g&a>£©t§^c*^-r 

iuga^^auc «t ?j 5fej5g$nfc u 7 u v «>a7 v n 

•J7l/r>at- PJA*©»^fc*KSftS P -7©l&© 
2 fg©IS©P ^ li(S|5)lNF^ 'i71/'y^at5'J7^>y 

[W^mi7] -^©H#(BlrtC^*U'feA-©U71/s» 
^aS-MtW-ft^ V 7^^IBHigf@T-ft-o 
t> 

iRF^© U 7 lx v ^> ^ v tc ^ «V 7*©«*^#^ b fc d 
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© 'J 7 y a. 7 F I'* ^©-fe;i,© U ^ >^> a >B# 
fg#ffe©IEm&-fc;u t jtft bT «i*S ttjgv*jb»©aE-&£ 
* -rft?R kSlffltt* l3m#IS , 

Bui mm^m. t mm zti & ztyv io 

85837' h* U*J£i|£f§©I£«&|gj||:fc j; tfB&BKtt^aCE 
5 d ^©gitJ: t) fc£ < ©&©p r>^tS(S|SJB#ic >; 7 1/ y 

im&m 1 8 ] -fevmrntoiz* * <; -t^© 2 ©mi 

»»I3fl^fiT-^^T, 20 

nm<o v ? v v > a.*- k v 7<Dvtmifim& bfc c 

s>jf3^^{c <t K> ^RSFfifem + n H y h © 7 l>y 
I'* ^ WBU 71/-^a7K ^©±{£mbr 
v h 5#?£©J!f?>j£ St -3 Btjf3 'J7l"^a 30 
7FUX©T{£ntfy hT-^H^ixSD^^U^P^^ 
J-U HuI3U7l^^^JXTh*l/^©±{4mbry h*s±fH 
■**£©Jtt»J fiW©»^fc yttufB U y Xs v > a. 7 F u ^ g3 

H3fl^©T-&oT\ 4 0 
^ 1 © U =r > > 3 >^P^^W^"S^ 1 ©^ U -tr;i/^ «fc 
5^V^2©U^>^3>I^HSW-rS^2©^^U4r 

hu!3^ lo^t'j -fe;i/»*giii3» 1 © >J ^ > f> 3 >B#fg 

«^®fciafaarfi&p'>>7 f u^t^^ns d ^©^3 
sb 2 ©^ * ij h5I3ib 2 © u ^ > 3 >mm*. t) & 

V^fflSHTf 'J 7 Is »J 7 U » 5^Af«fc 
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^ 3t3si 9©j5jn^tc:i3«©^^-5 v?m*m&. 
1 9 ©^n^tiam©^^ ^ $ v *M*immmm&. 

[»^2 2] f&iBgBit«tt x EPR0MT-$,5C 

£*ft®.ti-zmmmi. 375M1 9©f5jn^(3g3«© 

^92 3] HuI3f3M^g!{i, EEPROMT^ 

3 73M1 9©firn*»-fcE«©y 
2 5 ] HufB^fig^gftt^ Byg3^-f ^- $ v #M 

&mi, 3 jbm. 1 8 ©Mn^^gB^©^^ ^- * v # m >£ 

[0 0 0 1] 

*m*m(Hnmmiz*t, ^ ^© , ; 7 v ^ A 
tits. 

[0 0 0 2] 

(DRAM) {c:*^^T, -b7U^^/1^^ fcWfcSJifc* 

DRAMf-> 7±©^T © D^7Kl/7^1o 
T7- F«©«ffi*±fcT x v>>* tf^ e ) nTV^ 

itte-rso ^©bry Mw*©«fiiii*j-H^||v^fc 
^t*, 7-Fi8©«ffiftTtfs, z<D-m<Dmmz£ 

[0003] d^tfl/^oji^^ -r&fciMsnHj'; 

7 1/ y ->*.mittfio h D F l^X UTIbI D7 

£tz, ^^ , ;^r>'^^-^s^uTv^5fc^^)tiii:-© 
< & v*©JBHrtfc£T©n y 7 v » ^> i b>&{tn« 

[0 0 0 4] gj£©6 4MDRAM*^J{c:St5i:DH 7 T 
FI/^*S4, 0 9 6 (4k) fti^64mS© 

resh/6 4mS^;V^oM^&^-iaaagT•feS 0 
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i t: y * Konifctt, ( i ) afc^-rmwrairt-*. 

[0 0 0 5] 



l.-r>a^^^4k^^W^S. 6 4mS£^ 

o nrst 4kfe5D^7h-v^ feSFiniiH"e**fc*fc ^ 

-CU7W5'A«ff56®&1K£'*~*2:* 6 4mS/4 

k=i5. eas^sfcv^ftHiBiiwei^D^i'J 

= U 7 1/ «y ^ a. e'J*Kx'J7l/f 9fr 

•••(1) 

10 $I$£y 7 Wy^aiWftfT?<i^#&£. bfc#o 



5„ bfrU >**9 fcLTttfelVCV^DRAM 

X U 7W$'a'?M 7;i//y 7U Vi'i'f >W 



ft5„ U7 1x^i/o.B#0D^«^{±, (2) 5£-C-Stfc>£ 

JT-So 

[0 0 0 6] 



30 



mZ-tZmM6 4M DRAMft^JtmSi: 
ij7U>r>alo <i?#©*ifo= 10 0mA 
1 D i>7^-'fe^©KHH= 8 0ns 
iJ7I/y$'a*'f^=*k cycle 
>j7U«^>alffli=6 4mS 
T* & S 'J7l/s» > iB#©¥*9«^ti 
1 0 0mAx8 0 nsx4, 096/64mS=512 

juA 

hfcSo 1 9 9 6 ^ IStfiif «*ISD R AM©7>^ 
y^T-teU 'J7l/^^J-»SS* S 2 5 0/zA*SIT*feSC 
kifcfci&feftT^a. ±aODRAMttt'J7l/-r>a 

[0 0 0 7] ±B3 (2) z£<fc!K ^l/^i'aK** 
e,-rfe»6:tt U 71/>y>>M Jtttt*tt&^ 

5CttU7V-s'J'»'fi'*-^4j&©2 5 6mSC 

-cgftaav. b*u U7i/>v>a^>^-^Mi 

;Hob *^*+^5'**6«#t«»lfcB"Tb*VV 7 s -* 40 
#««SnTl*5. «t*©DRAMTftt, -©U^> 
a >«rtt©»BV'»-fe;i'ft : P©D R AMf * 7rt^^«s b 

3 £\Z DRAMf f 7*rt©±tCt^2 5 6 m 
S W±© U r- >> a >ft£ro «fc 7 £ bT V> So 
[0 0 0 8]^ (gl:128mS^ 2 5 6mSWT 
© y r- > > 3 > * -f ^ ftJ#o-fe ;i/#¥*9t- 1 ^ v 7$. 
!) 2 0 0Ife!), f^©t;H42 5 6mSW±©V 

y>s/9>^-f Aft^fot,©i:(5^-rso -uatfjt^ - 

CD <fc d & 'J 7- > > 3 ><RM4©SVN-fe;i/ ( 'M > a >^F 5C 



(2) 

*©^tt3i«Ty vi/»#cised*»©i:#*.6*v 
s o •*©»&, 9 o %©#«.?> ft » «fc 7 ^ -r 5 t 6 4 M 

b itWl®2 1 8bT>y bftfitil^?>tvS<ta*j: 

Ttfi^ u * > b *»irmtt ^ ^ o mn%i&vx7 

* V >#*&ft<K£ bfc3 > If a-* ^Ul/->3>* 

[0 0 0 9] tu?,^ -jRUgftDRAMTftt^tU-fe 
W tt/Jv£&SHft©1f7~7' W C^M^nt* S s 
^311/ ^ > h *> 7*T -Y © * £ 7*7 l/-f M 
fflCRtt&*iTl\S*&* 1 ^. m«6 4MtTs»h© 
-fe;i/TW#3 2fi©2Mlfy bCI^TW £#S!l£ 

m%&s-%&so *si£ftn«j£v^eify^>^> 

^©B^Slx^tt^^o 

[ooio] 6 4Mtr* h©-fe;i>7Wrt©ffi 

^©<4Sl-feS6 4tr>v ^ft6 4fli©Jt:S*^^>b"P 

ft 3 2<@©2MbT^ Mf7Tb-fl3^f!lU ^©2Mit 
ZTT \sl [*)©ffi^©{5tB^ S 2 If v h ft 2 m<DK&x- 

<3Dg(tt6 4T•^FbV^o b^b, fltiW© "J ^>^>^>^>X 
#y^>y>«>^7x^A-C-H:2MVf * Mt7Tl^©* 
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zx-hho Huta i * xt^ 2ooffl©U5 i >^3> 
9 0%©*J*g 

[ooin a**it***2MKy bfcur 

b * a * 7±&X'&m& 4 4 8 CDTCSai 1/ / > b 
( 2 Mbfy K»ZZk.-f ^fet) 1 4fi.©Jfcft:cl<.tf > 
b) SSS»b«:v^9 0%CE)*sgt>A»»&n*v^fc*« 

[0 0 12] ^Zflt 6 4MK.9K0^ i EVft»£t 
3„ £©6 4MtTv b©*^Utt4<@©l bX 
D >y ^if^fiE-DTV^So #16MlfvbXDy 
*tt8fl02MK9h*77I/>fCd*jbT*»», #2 
MK*b-*X3»WB:KE5 1 2n#, «4, 0 96*7 

2#©7-K«##Sd£fc&*. ±$£©£"51^ 6 4 
MK* bafefet)¥^T*2 0 0 1@© U 3 >;j\&t"y 
b ^^-T * bfc»^ 9 0 %©t£g D fe 
■»Ctt2Mlf» bfefet) 1 4m<DKMx-ls*> btfs&B 

[0013] it, 7-m0i§Mii7-h-ei* 

1 D -Jt3-^{CK4^7- mmftS©^ 1 
4m<DKA^^^> FSAnSCttl 4{@©7CftP'>7 ; 
3— y ( 4 x 1 6 = 5 6 T7- KfcfcffiMO SAns - 

2MfcTy b©-y-X7 > WT-{;i:IE#l© T 7 
^K*5 12*(P">r3-fl-2 8i) fcJtfty-b* 
^5 6* (P>>^3-^1 4fi) ©-£ff-5 6 8#©7- 
F» (D^^n-^l 4 2<@) *ij8ac&S. 19 9 6 

^3aa©a^-ettp^5 ; =i-^© t s«)S*i{i^4. 4ju 

mum, X©*t*itt 1 1 mmmmtnOX'^ >y X-f-r 
X©*iin^tt 

JC^p -^©*i x BSD ^©gfc x ^ ^ x 

mm= 4 . 4 xtmx 1 1 2x 1 1, 0 0 0 ;um = 5 . 4 

#5. 4 2W5HAg<ftoTlJ^;J:^* 

[0 0 14] f-yXtMXS:*:S<?-<5BHtt7T:£*l<' 
* > b £ ItT- ttfcV^. JES* 1/ * > b Tf V ir > > 3 >ft 
&©S£i^;i/£SiRt-££fc£^©*;i'©7 bi^&IBIt 

a-X#ffl<,M?>ft.5o d©J§£\ n^r3-y«l 

2 8T^5fcS) v ^£©ipA>e> lo©P >^3-^£3I#i 
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c © k a -X^rn x^ A £ ixX v> -5 .r £: Zyjki- 1 #© 
•Y*— X;m jl— X#£3 0 ^©fc»H"8*©t i— X 
-by bjFifcg-CfciK ^©ba-X-b^/ b*54 4 8|fii^ 
^T*&3fe#), 6 4Mtf'V b©^>yXT-tt 
4 4 8 x (7+ 1) =3, 5 7 4* 

[00 15] W-tf-»Wbi-Xl-*fc*ftfcttll-*- 
5@lK©-&H-©®Stt 1 9 9 6^3SffiCD«E«t(±0 . 0 
10 0 0 5f* ' j; gflETJ & « „ £ © 3 , 5 8 4*Ota- 
X#d5«>Sffl««:0. 0005X 3, 584 = 1. 79 

2¥3&^yfc:fefe3. ityfaftJlP^S-X©®^* 
ifa^Sfc, dft£©1§rf+|g;Sfci;5. 4 2 + 1. 7 9 2 = 

7. 2 1¥#^ l>£&-5o 1 9 9 6^3ft£C*V^-CJE* 
[!fi8£^i;&U6 4MtTy bDRAMC^yX+MXfc): 
fi7 5¥*v'J fUKfc^T? § 3 ©T\ 

(7 5 + 7. 2 1) /7 5= 1. 0 9 6 
it), 6 4MtT^ bfe&t»¥^2 o otr>y b^-rsu 
^>->3>^mtr^ b£#g?> 9 0%£31V\ 5TilP"> 
20 T?«cj»1-5fcK>tc^-vX*>f X*«9. 6 <&o 
XL^oZtitftiflZo 

[00 16] SLt, TSfiD £fcC-J:oT?- 
srXtM X#*£ < b£? fcV^»SJCOV^TR 

[oo i 7] 01 2«, mxvwjyyyyismmx 

$> z> o ^ v x±©-fe;i^^;* MTiJf>i'3 it is 
Sv^•fe;^AsM■^^pofe®'& N ^©-b;i/^5!;ftp^T*fi^ 
^©■b^CP^Tb'l'^^^Jx.fSl/— If— 
30 ^Hftfci-X*>&&3'J=->^3>^JlbT>.y bB31«*? 
1 0 l£XPX^ix-f£„ 

[0 0 18] ^t'J7^t70i, 5^yXfl.gB fr^fcfcfl. 
SpP^Tb'P^M^P^T'KW^A^EISSl 0 3i:ffi 

^ns„ p b* i/.-x i o 3 tt^asp c/t b 
^f^c ^i»i/xit«ig»i o 5ti, u^>^>3>^a 

bT>ybiaiS^?l 0 ltrXPXvA^nXV^5Ji:^P'> 
7bi/^fi^-i:F , gg|$P'>Tbv^fi^i:*itS<-rs 0 c: 

40 ^1 0 7#a^^"H" TCfiP'i'^rJ— 
^i i o#*sttfbs*u 7C^v-b^|g»^ti5 0 * 

fcs *»^-5dfiw»Xyf-ir-^iai&l 0 8fcJ:oT 
"H" fcXU^-y^tvT^fc^-Srf&^M-^Bl 0 
9#P-l^;u "L" t5|§mt$*l5 0 d©fe», IE 
MP->5==i-yi 1 ltt^SSfcJ&D, IE^9-bi^tt 

[0019] r Hi/xitiaes^-a©^ 

^-8ffiwlgf«l 0 9li "H" ft«Srf Sfe^ IEM 

50 ij^n^o ^©^T*tt®#©fc«)t 3mox3on^\y 
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TW7.\mm& \ o 5tfsi^ti5fe«), s^pvt 
pi/^etsestiim ift6 4 4 8«©7F 

l l/s07K^7eitfl<i6:5fcV^5ISfii« 

Fi/*OT©B!»T!iB*sfr*«:&#^<fc^ dra io 
» 7-£#©iiiff«7J#*£ < fcv^ iaBt>e § 

So 

[0 0 2 0] 

mm&m&h&sft-zmmi ±s&bfc«fc?t^ 

>«ftt©JR^-fe;i/fc*©5 : E& t l'* > bT*B£&£St£ 

&<D^m c tmT© «t a *iai»w3qEf § o 

[0 0 2 1] (1) y^>->3>£M4©/gV^^y-fe;i/ 
5. 

(2) **y*;i/7W S£iMJv5v>#7*TWfc#»J 
bTv%*&4&, y^>«>a>i^#»v^;i/©«c»aMs 

[0 0 2 2] (3) itlitO^'J^-b^KfflV^TK 

[0023] (4) (3) t.m\ym&fr*>ft®7\*i'X 

Sfcfc, ^v7TS«fctt:*:£*S£i:*K^ IfiffK 

»; 5=- > > a >$SH4©JSvm: * b &a^-e § S i: £: 
y7l/^>aB#©«7j#'J^<s *«D^a»«:*»» 
EttSSttSSffc-rs^fc**- 40 
[0 0 2 4] 

tc#s8^&©£?&*if!K£WbT^-5o -r&t>*K * 

ftffiti^ -j£©l$lfilrt ^€Ut;no'J7l/ w ->a 
7«© "J 7 1/ 'r> a K tcl^ l/fe - t ^ 7 
> 3 >BSIS#iJ y > > 3 >mr3&$> *) t>M^ 
St, y7l/y*>a:Pl*l/*S£j*-t-*£J«^ai^ hu 50 
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IB 'J 7 ys/a*— K^[is8>&>e>©}g^£S'^Tiiu 
^-titufBisje© U7i/f ^at- v M<Dm^Mn 

£ fl £ P *J ©&© 2 fg©IS© 13 tJ £ Ji (Slsll^ c »J 7 V » 
»>at5 U7l"> $/a^8!fc#UilibT-V^*. 
[0 0 2 5] #f8HBfciU -^©B#^Wirp{^ "J-b 

WJ7V-v>>a^MW^tvy7 SL*aS#f3 
ti^S*-e;feo-c, ^©'J7V«r>a ; E-b-i:f^7 

bfci t * yftom&izfcz. 5 U7 v 

j:i)-fc*Svvfe;i/fc*tU f©'J7l/^>i7Fl/7^ 
*©*;!/© U 5r> * 3 >«f|HI*Hft©E««i-b^i:tt« b 

t 4fn«»-Jiv^©fi-&*^-r««i: *kmw- set* 
jtttiaafc, f5t3THv^itKEifi&©tb!gtiie**5<ttJ c BtF 

It^£g-3^Ti!iif3*fr£© U 7 1/ f $/a*— KfiW© 
m-SfcmiRZtiZ n -7©£fc J: t) < ©i!t©P >7«tS 
|s]B# £ U 7 V» a 5 V 7 V f> a ^© i: & Mil b T 

[oo2 6]*fc, *mm*. -^©KFifflrtt^^u-b 

;i/© 2 ©m^lt-f ^>© U 7 1/ » *jM?fc-r*^>f 
^ * * ? S^iftfBltSft o T> ^^© U 71/ «y> 
a^e- KH^ 7©tt^3bs^ bfc d » 7|*l©[al 
f^UGx. £ U 7 V y t/ a ^— KiS^ElR iix 'Jr>i>3 

^7F kXftlB«-*-*Btt#«i:x ' U 7 1/ v ^7 K 

^0ES*' e>©li^Cg^T mjI3M¥©t i ^jsRS 

l/>j/i/a7h*l/7©±ffinlfy h*sfeS^©HI^Jt^ 
-otzm-S, Hui3'J7b^i/aTH^7s©Tffimtr>y FT- 
tl5 07&'J71/9i/aU BUf3 'J 7 1^ v */i7 
F 1^ 7> ©±{4 n bT >y h &±.m<&%.(Dmm \>JJM)*&K- li 
Hug3 'J7l/>y»>a7 K UJXBtt^iSfcEttStiT^ S P 

-77* h vxr-m^ztizv u 7i/9 s/i-rs y 7 u 

[0 0 2 7] 

[Hffi©^] WT, ta®^#fiibT*^©^SE©fl5 

HfcSDRAM©^ ; &y-b;v7'^'r©«0-ess o - 
©^ y -b;i/ 1 1 tt^t* 6 4 m tr » h 

4{@©1 6MhT^y Mt7TU"f 1 1 a~l 1 dlC^f!l$ 
ntV>S<fe©i:-rSo 16MK»hWW#l, o 
24 (lk)©P>7i:16, 384 (1 6k) ©*5A 
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•emmtShX^S. &V77\s.4 1 la~l 1 d©0^ 
^&*7- KttfcttD +>zri-y 1 1 e ~ 1 1 gifi*tl* 
timmZtl, 1 1 a~l 1 d©E*H»-S!itr 

1 1 gizimmm® 1 1 j #&is«*ftTv^ 0 

[002 8] ^tU-fe^Ufct, 6 4Mt^^ T . 4 
Mft^-Fl/^ttl2i; tf hT«ftt), Z^RADR< 
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fe»C±fi2i;n©RADB<l 1 : 10>^ S 
* iO±tt2KnORADB<ll : 10>fcR-»j 
7KI/***RADR<1 l>^0fiteIfo B RA 
DR<11>, RADR<10>^©£$^©BR 
ADR<10>©ffi»«^i /T * <> R AD R< 1 

[0 0 2 9] 



RADB<11> BRADR<11> RADR<10> BRADR<10> »W*l**7T W « 



i«©^*iJ7^t7R, RADR<1 l>i:BRAD 

R< 1 1 >tt»LTHW*c i c&sittt&v^cD-e # 



I4RADR<9 : 0>Ol 2*onr>7K^fljf?$ 
*lSfc©£-T5 0 ^01O*©O^7K^ttffli 
fe%T*J4&^©T-, W^fW77Wfi©lo 
©n*£(*#®iR£ftS 0 

[0 0 3 0] Bltt, ^IBW^lcDSQKfifStHfosD 

ram© >; ? v v is^wsmvmmtr&t-rxi .^it 

£\ 62. 5//s©';7l/y^a.tfiJ^-|?^i; 7U y^ 



1 0©^ 

0 1©^ 

1 2©^ 
1 3©<fr 
1 0£2 
0 U3 

[003 2] !>^.>TAWMff3 0 7a, 30 
7 b, .3 0 7ctt, '^>^3>^©M^-b;i,^S 



^«BH«f3 0 7a, 3 0 7 b, 3 0 7 c<4 ne, 

f^H^l^L, «**+««©*«# UTV , 
So « f, J^{*'J^>^ 3 >^^v^D^©^2 0 0$ 

*3 0 7 a, 3 0 7 b, 3 0 7 o(DIBA«tt, J> F P 
^tt«H»3 0 9a, 3 0 9b, 3 09cfc^^ 
£ft£7KU*it«®»3 0 9a, 309 



lj71/ *$"".x-f >^wt;Ki 6 2. 5 // s x 4 
= 2 5 6ms 

[0 0 3 1] HIC^T, V^Usr^at-KftwHI 
&30K4, DRAM^^^S^©^^,^ 
^-?KA3i:, REFMODEif3 0 2S"H"t: 
n;©REFMODEi^3 0 2li, ij 7 U»^ 
^3 0 3t«^ o :0'J71/ 9 ^ 73 o 
314, REFMODE{§^3 0 2# "H» fcfcSfct&fl, 
62. 5A8«CliREFRESH^ 



3 04(4, y7P^a 0 *7^*^ 9 nT; Jill ^*«3 0 9 a, 3 0 9b, 3 0 9 c© 



3 0 4(4, ';71/y^aDi>7Kl/^^3 0 5fc 
ffite£ft£ 0 ^©'j7I/5/^aDr>7|,- l/ ^ i j r>>; 5 ? 3 
05(4, 12lTyh©2it*'»^T*S. :c<J7l/ 
^^077HU7,*7^3 0 5J4, tOffiffitf "0 0 
0 0 0 0 0 0 0 0 0 0" T-^t), 1E1REFRESH7S 

'>iD^TK^^3 06^1o>f >^U^>h-r S c 

o*^»ha7a*« -liiiiiiiiiii- ©*§-£ 

CREFRESH;^jgf3 0 4SSIt«k, 
hffi7j# "0 0 0 0 0 0 0 0 0 0" Cg«. 



* 3 0 5©A^> htBTJ^^tlTV^. 
[0 0 3 3] SJBT'^^JtttTOa 09 a, 309 
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